
















FIGURE S1: Sensitivity & Specificity 
receiver operator characteristics (ROC) 
of Signature Cancer-Associated 
Microsatellite Loci in Glioma Germline 
and Tumor Samples.    
 
Table S1: Compilation of Significant 
Genomic Features near Microsatellite 
Variants & Gene Expression Analyses:  
Genes with the ‘*’ were also identified 
with MST variant loci in LGG.  The 
location of CpG islands was determined 
up-to 20kB, those greater than 20kB 
are described accordingly. Listed are 
those CAMLs within 10kB of CpG 
islands along. Transcription factor 
binding sites (TFBS), using locations 
identified in the UCSC genome browser 
and ENCODE, are associated with loci 
which are within 40 bases from these 
sites.  CAMLs near TFBS are listed. Gene 
expression data from GBM and LGG 
tumor samples were compared with 
normal germline sequences from the 
1kGP. Here we describe the ratio of 
tumor versus normal germline 
expression, a two-fold difference was 
































Table S2: Correlation of Signature LGG & GBM Microsatellite Loci with Gene Expression: Differentially 
expressed genes that are significant (p≤ 0.01) are denoted with ‘*’.   From signature LGG loci (blue table) two 
genes (LNX2 and FGD6) demonstrate significantly less expression compared with non-cancer samples and 
increased expression of CRISP1, a gene whose functions are notably associated with sperm-egg fusion and is 
expressed in the testis. LNX2 is associated with NUMB, a membrane protein that is important to development 
and binds NOTCH1. SLC44A4, a sodium solute transporter, shows higher expression in GBM compared with 





Interestingly, SLC44A4 expression is not significantly different in LGG which may suggest a biological difference 










Table S3. GBM/LGG Gene Ontologies and Functions. GBM: GO terms over-represented (p≤0.1) in comparison 
to a reference Homo sapiens gene list are reported as identified through DAVID[3,2] annotation tools. STRING 
9.1[1] and UniPROT search tools were used to identify protein-protein interactions and gene functions. From 
our GBM data, terms associated with key functions included helicase activity (6 genes); neurogenesis (3), 
alternative splicing (22), ubiquitin conjugation pathways (4), and polymorphism (29) were identified. Of these, 
‘helicase’ was highly significant (P ≤ 0.05; 9.13 x 10-4 with Bonferroni correction). Biological processes that 
complemented these functions were also identified, and included: ribonucleoprotein complex assembly (3 
genes), transmembrane receptor protein tyrosine kinase signaling pathway (3), autophagy (2), RNA processing 
(4), and proteolysis / cellular protein catabolic processes (4).  Additionally, 15 genes (STRC, CBL, LAMP1, 
FGFR2, ENAH, TNIK, POLQ, BRWD2, SEMA3E, PSME3, NSUN5, DICER1, NRP1, BRMS1L, SPOPL) were identified 
as previously associated with cancer and three with GBM- BRWD2 (WD repeat domain 11), NRP1 
(neuropilin1), and FGFR2. LGG: Here we analyzed a population of Grade II and III OD, OA, and A from a 
collective population of 178 samples, referenced as LGG.  The LGG cancer-associated signature loci included 
66; nine of these were also identified in the GBM signature (PSME, LAMP1, FUBP3, ATG3, EVC, SLC44A4, NEO1 
and DDX20) and 2 loci in intergenic regions.  From 16 of the 66 loci, are linked to genes previously identified 
with cancer, including: PSME, DEC1 (a tumor suppressor that deacetylates HDAC1/2- deacetylation of core 
histones is important to epigenetic repression and transcriptional regulation), ATM, LAMP1, GPR125, ACOXL, 
RAB2B, REL (interacts with multiple NF-ƙB binding partners that regulate inflammation, immunity, 
differentiation, cell growth, tumorigenesis and apoptosis, HAVCR2 (mediates immunotolerance), XAGE3, CT45-
1, RBM5 (regulates alternative splicing of mRNA and is a part of the splicesome A complex), SSX2 (transcription 
modulator), SNX25 (may interact with KIF1B), KIF1B and NPAT.   Nine genes were associated with male 
biology, including: DEC1, ATM, XAGE3, CT45-1 (may interact with multiple XAGE family proteins), SSX, WNK1, 
TTLL5 (interacts with TP53 and TP73), CHODL, and CRISP1. C1orf77 interacts with several pre-mRNA modifying 
proteins; RNA polymerase II associated protein (RRAP2) and snRNA. Several genes highlighted are linked to 
other diseases or conditions with neurological or cognitive functions, including: STR, ARL13B and OFD1 
(Joubert syndrome), NBPF1, and ICA1L (a contributor to amyotrophic lateral sclerosis). A number of studies 
have highlighted a bias in gliomas in males compared to females. In this analysis, within the signature loci we 
observed eight genes contributive to male specific biological processes, including the following: OFD1, STRC 
(with exonic repeat CAG), FRMD7, BRWD2, DICER1, HYDIN (may interact with neuroblastoma breakpoint 
family genes 1,9,10, and 12; a duplicate copy is found on Chromosome 1), DHX36, DPY19L2P2, and DDX20. 
Disease-Associated Genes & Links to Male-Associated Biology: Several genes highlighted are linked to other 
diseases or conditions with neurological or cognitive functions, including: STR, ARL13B and OFD1 (Joubert 
syndrome), NBPF1, and ICA1L (a contributor to amyotrophic lateral sclerosis). A number of studies have 
highlighted a bias in gliomas in males compared to females[4]. In this analysis, within the signature loci we 
observed eight genes contributive to male specific biological processes, including the following: OFD1, STRC 
(with exonic repeat CAG), FRMD7, BRWD2, DICER1, HYDIN (may interact with neuroblastoma breakpoint 
family genes 1,9,10, and 12; a duplicate copy is found on Chromosome 1), DHX36, and DPY19L2P2. DDX20 is 
well known for its regulation and suppression of steroidogenic factor 1 (SF-1) which is expressed in gonadal 
tissues. These genes have brain and testis specific expression, including spermatogenesis, and some with testis 












Figure S2. Described are six helicases with variant microsatellite loci identified in GBM. Helicases are 
important to RNA decay and remodeling. At the location of each MST variant (yellow) we have also described 
important genomic elements, including: histone methylation markers described through ENCODE (H3kMe3 or 
H3kMe1), transcription factor binding loci, and ESTs/splice sites.  The total length of the gene and the 
microsatellite loci are identified, with exons (red). Included are the lengths of prevalent microsatellite allelic 
pairs (genotypes) from normal and GBM germlines, with the consensus denoted (‘*’and in blue). Variants at 
these microsatellite loci could change gene/exon transcription or expression due to their location near histone 








Grade II and III






Grade II and III
- 16 ~ 50
Oligoastrocytoma
Grade II and III
- 27 ~64
 
Table S4. CAMLs and Significant MST Loci in LGG: OD, A, & OA.  Sequence samples that were collectively used 
for the LGG signature were separated into each of three diagnostic groups and analyzed independently for 
significant and signature loci. CAMLs were identified for OD.  A and OA populations were below the necessary 
cut-off to identify CAMLs, however significant loci were identified and are further described in the 



































 LGG tumor (n=157)
Oligodendroglima Germline (n=59)
 
Figure S3. LGG CAMLs (without Grade III Astrocytomas): For this analysis we removed Grade III astrocytomas 
(n=28, additionally samples with non-descript pathology were removed, 16 =NA and 2=UNK) to create an LGG 
signature (sensitivity = 88%; specificity = 76%; cutoff = 13%). This LGG signature is composed of 24 CAMLs, of 
which all but 4 loci were in the LGG signature described in Figure 1B; however all 4 were identified as 
significant loci in the original analysis. This demonstrates that the original signature is mostly comprised of loci 
important to lower-grade gliomas.  Additionally, we graphed Oligodendroglioma (Grade II and III) samples (n= 
59, the largest LGG sub-population) to determine the percentage of these samples with LGG CAML genotypes. 
We observed that up to 15% of OD samples showed 25% of these CAML genotypes and most OD germline 
samples (purple bars) showed a similar percentage of CAMLs compared with the LGG germline samples (dark 




























Table S8 LGG vs. GBM Signature Microsatellite Loci with Location and Significance 
 
REFERENCES: 
1. Franceschini A, Szklarczyk D, Frankild S, Kuhn M, Simonovic M, Roth A, Lin J, Minguez P, Bork P, von Mering C, Jensen 
LJ (2013) STRING v9.1: protein-protein interaction networks, with increased coverage and integration. Nucleic 
acids research 41 (Database issue):29 
2. Huang da W, Sherman BT, Lempicki RA (2009) Bioinformatics enrichment tools: paths toward the comprehensive 
functional analysis of large gene lists. Nucleic acids research 37 (1):1-13 
3. Huang da W, Sherman BT, Lempicki RA (2009) Systematic and integrative analysis of large gene lists using DAVID 
bioinformatics resources. Nature protocols 4 (1):44-57 
4. Pokhrel KP, Vovoras D, Tsokos CP (2012) Histological and Demographic Characteristics of the Distribution of Brain and 
Central Nervous System Tumors' Sizes: Results from SEER Registries Using Statistical Methods. Int J Biomed Sci 8 
(3):152-162 
 
 
